Abstract: With increasing globalization, the intense competition and customer-pressure have spurred many producers from developing/ emerging countries to adopt the best management and organizational practices. The quality issues are paramount for automotive manufacturing. The multiplicity of Quality Management System (QMS) Standards prevalent till the 1990s finally gave way to development of a harmonized automotive industry-specific QMS, namely ISO/TS-16949. This paper analyzes the major factors motivating firms to adopt this Standard: its quality signaling function, especially in international business, and facilitative role in moving up the supply chain. We investigate the inter-national and inter-regional concentration of ISO/TS-16949 certificates and relate those changes to the automotive industry dynamics. Among the top certifying nations − China, India and Brazil included − these certificates and 'cars and commercial vehicles' produced are highly correlated. A moderate-to-high worldwide growth of this certification is probable in near future with its gaining popularity among Tier-2 suppliers and for two/ three-wheeler automotive production. The Indian evidence indicates a sizeable proportion of car and commercial vehicle plants being ISO/TS-16949 certified and a high certification incidence among large and medium-large auto component firms. We suggest the creation of a Centre to encourage and prepare SMEs and provide financial assistance for ISO/TS-16949 certification.
Introduction
The globalization has generally intensified the competition in international as well as domestic markets. Consumers now demand enhanced product quality and variety. In the automotive sector the global and regional outsourcing of components has risen over time (e.g. Humphrey and Memedovic 2003) . 1 The quality improvement is a multifaceted activity. Here we confine our analysis to the quality management system (QMS) Standards. A QMS Standard − a set of features present through documented manuals and procedures − apart from acting as a quality differentiator enhances the productivity and delivery schedule performance by reducing the wastage & errors, and improving the employees' morale and working conditions. QMS certificates issued by an accredited Certification Body are called accredits. The ISO-9000, based on process approach, is a voluntary and generic QMS Standard (a family), having 8 broad principles for quality systems; its Requirements, namely ISO-9001 can be applied to any sector. By December-end 2011 the ISO-9001certifications issued globally in 180 countries were approx. 1112 thousand This has raised for auto component suppliers from emerging markets their optimal fixed outlays for quality and productivity upgradation (Sutton 2007) . For them the rewards of moving up the supply chain lie in relatively more assured/ longer contracts, higher profitability and less vulnerability, as well as greater involvement in new product development by vehicle producers (Singh 2007 and 2010b) . The associated challenges include, among others, crossing the quality thresholds, say by employing the world-class quality management practices. 2 However, a few industries where the quality issues are paramount have evolved their own industry-specific internationally harmonized QMS Standard. The automotive industry having the , as compared to below 50 thousand in 1993 in 60 countries (ISO 2012) ; the number outside Europe and North America correspondingly jumped from approx. 6 thousand to 582 thousand. The increasing competition, insistence of multinational buyer-firms, and the government assistance have led to its extensive worldwide adoption (Franceschini et al. 2011; Oke and Owaba 2007) . 1 The vehicle industry has regionalized production − not as globalized as electronics and textiles; however, it is dominated by a small number of MNEs which generally produce in all major markets (Stanford 2010) ; apart from having significant inter-sectoral linkages, for some economies -like Japan, Germany, Canada, Korea and Spainthe automotive sector contributes much to the exports, employment and GDP directly (p. 385). 2 Of these, China and India had 328213 and 29574 certificates, implying 29.53% and 2.66% global shares, and the 1 st and 7 th ranks respectively. Incidentally the number of these certificates globally fell by 0.6% in 2011 over 2010. ISO/TS-16949 Standard (also called TS-16949) , is one such case.
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The product quality is a critical concern in automotive sector. Vehicle manufacturers (also called automotive Original Equipment Manufacturers, OEMs) and governments are interested in the safety and quality of vehicles sold, and therefore, also in the quality of auto components. With
It is an 'ISO-9000 plus'
Standard in terms of the QMS requirements. By end-2011 the number of ISO/TS-16949 certifications issued in 86 countries was 47.5 thousands. For the global automotive industry in the 21 st century there has been heightened competition and much restructuring of production location. The geographical spread of ISO/TS-16949 certification analyzed in the present study reflects this dynamics. Like Franceschini et al. (2011) , we relate at country-level the (≥4 wheeler) vehicle production and number of ISO/TS-16949 certificates. They predicted the total ISO/TS-16949 certificates to saturate around 43 thousand in 2012 (surpassed in 2010!). We expect instead a moderate to high overall growth of these certifications in near future due to: the likely increasing adoption of this certification by producers and Tier-1 suppliers of two/ threewheeler vehicles, and by Tier-1 and Tier-2 suppliers to ≥4 wheeler manufacturers. As a special case this paper also examines separately the prevalence of ISO/TS-16949 QMS certifications among vehicle manufacturers and auto component producers operating in India − a relatively booming automotive market.
Below Section 2 discusses briefly the development of ISO/ TS-16949 Standard − its formulation and revisions. Section 3 examines the major drivers of adoption of this Standard by auto component and vehicle producers. Section 4 reports data on the global spread of this Standard, and analyzes the inter-national and inter-regional patterns of this certification, juxtaposed to the automotive production. Section 5 focuses on the rapid growth of the Indian automotive sector in recent years, and other factors propelling automotive firms in India to improve the quality parameters and management systems. Section 6 examines the Indian evidence on ISO/ TS-16949 certifications. Section 7 concludes and offers a few policy suggestions.
Development of Automotive Industry QMS Standard ISO/TS-16949
3 There are specific QMS for medical devices (ISO-13485) and petroleum, petrochemical and natural gas (ISO/TS-29001) industries too. There are special ISO-9001 guidelines for education (IWA 2) and local government (IWA.4).
platform-sharing across a number of vehicle models -a general practice followed by automobile manufacturers -the failure of a common key component poses larger risks (Bailey et al. 2010 ).
Poor quality of vehicles can lead to excessive fuel consumption, high costs of dismantling & repairs, and accidents. In many advanced countries the vehicle sales are subjected to stringent product recall liabilities and severe penalties in accident lawsuits (Boehm and Ulmer 2008) .
By the mid-1980s automotive suppliers were subjected to several nation and customer specific regulations relating to quality management. In the mid-1990s in the USA the Big Three car producers (General Motors, Ford and DaimlerChrysler) and major truck manufacturers formulated a common QMS Standard, QS-9000, based on ISO-9000:1994. Yet the multiplicity of QMS Standards prevailing in automotive sector and the lack of mutual recognition across countries/ regions acted as a kind of trade barrier (Singh 2010a) .
The ISO/TS-16949 "---standard was developed to satisfy a pressing need of the automotive suppliers, which -since the 1990s -were subject to a confusing mass of military, national and customer standards" (Franceschini et al. 2011, p. 736) . "ISO/TS 16949 eliminates redundancy, cost and administrative burdens imposed by multiple standard formerly mandated in various geographic regions" (Ostadi et al. 2010, p. 496 
Drivers of Adoption of ISO/TS-16949 Standard
An auto component producer may adopt the ISO/TS-16949 Standard for the internal efficiency reason and/or as a marketing tool − to emit quality signal. As reviewed below, the existing literature indicates broadly two powerful influences of ISO/TS-16949 Standard on the certified auto component firms, more so in respect of exports than domestic sales. These effects are:
quality signaling and being a facilitator in moving up the value chain; the former role itself contributes to the latter. In Section 3.1 we also examine the limited empirical micro-level evidence on the choice of this certification by auto component producers. In Section 3.2 we explain what motivates automobile manufacturers to opt for ISO/TS-16949 certification for their production sites.
Motives for Auto Component Producers
The automotive industry is tier-ized, as illustrated in Figure 1 . Auto component supplies for further processing are made from lower Tiers (upstream suppliers) to higher Tiers and then from
Tier-1 to the original equipment (vehicle) manufacturer, OEM. Tier-1 firms supply directly to OEMs; the firms selling assemblies/ modules to OEMs are sometimes called Tier-0.5 suppliers.
A component producer may even operate at different Tiers for different items, thus playing diverse roles. The direct and indirect supplies for original equipment (vehicle manufacturing) are known as OE supplies. However, the supplies to OEMs may be partly for the aftermarket sales by OEMs, i.e. meant to be sold for vehicle-repair purpose; these supplies have to adhere to the OEM specifications. The total aftermarket/ replacement market, including also the direct supplies of components to it, is quite large in value terms (see Singh, 2010b 
Quality Signaling Role of QMS
An important factor motivating a producer to seek QMS certification is its quality signaling role in the presence of a large number of potential suppliers of the product and their unobservable attributes (see e.g. Terlaak and King 2006) . Hence customers prefer the 'third party QMS certification' assurance. having >50 to 100 employees and the others even less -examine the motives and effects of this certification as perceived by the implementing managers. The motive was 'to improve the company quality image' (78%) and 'to strengthen the quality management system' (69%).
Adopting the ISO/TS-16949 Standard brought the registered Iranian plants significant gains, like enhancing the status of the organization, systematic documentation, better quality control, increased competing ability in sales, verifying the internal auditing system, etc.
Moving up the Supply Chain
The potential rewards associated with higher Tier like Tier-1 sales have been mentioned in Section 1. Globally a significant proportion of automotive Tier-suppliers seem to have As mentioned above, the major global OEMs now want even their Tier-2 and Tier-3 suppliers to be ISO/TS-16949 certified. The OEMs are also intensifying their sales efforts in the aftermarket segment. Hence for SMEs being ISO/TS-16949 certified would enhance their exports to automotive Tier-1 and Tier-2 firms as well as for the aftermarket supply, particularly for the replacement supplies to OEMs.
Firm Characteristics and the choice of ISO/TS-16949 Standard
The decision regarding QMS certification − Yes/ No and the Type − is taken at the firm-level, weighing the various additional costs and benefits (Singh 2010a 
Motives for Vehicle Manufacturers
The for their domestic automotive manufacturing sites is expected to boost the confidence of these rapidly internationalizing firms from emerging economies.
Global Spread of ISO/TS-16949
We analyse here the information on ISO/TS-16949 certifications, as compiled from the annual ISO Survey of Management System Standard Certifications, ISO (2012) . We further relate it to the automotive production (see Tables 1-2 In contrast to a remarkable growth of automobile industry in some emerging economies, the number of vehicles manufactured in some advanced economies, like the USA has fallen since 1999 (see Table 2 and Figure 4 ). The USA vehicle output decreased even before the recent global recession. The USA, Japan and Germany − the erstwhile major production centres - 
Inter-National and Inter-Regional Diffusion
The disaggregate figures on ISO/TS-16949 certifications reflect certain interesting geographic and dynamic patterns ( 
Relationship with Automotive Production: A Closer Look
We relate the number of ISO/TS-16949 certificates in a country and the number of vehicles (cars and CVs) manufactured (OICA data), a la Franceschini et al. (2011) . Other Factors: Though we do not have the requisite comparable data across countries, we mention a few additional variables pertinent to these certifications in a nation: ♦ Production of two/three-wheelers and their components: The OICA data exclude the vehicle segments two-wheelers and three-wheelers − extensively used modes of personal and commercial transport in developing/ emerging economies and predominantly produced there. Barring high-end motorcycles, these are highly price competitive segments. As of now, the concern for quality is relatively high in the ≥4-wheeler segments. However, the producers and buyers of two/ three-wheelers are becoming increasingly quality conscious. to the perception of their less innovativeness and appeal in technical and design features, further reinforced by the impact of consequent declining profitability on research and innovation.
♦ Nationality-associated patterns: For example, comparatively speaking, Japanese automotive majors are known to rely far more on an intensive second-party (customer) assessment of quality management system of the potential suppliers; German firms are generally more stringent about the formal technical specifications. ♦ Recent growth of automotive production and exports: This is due to this certification acting as a quality signal and increasing the operational efficiency. Again, these low/ negative growth rates may be followed by non-renewal of some existing certificates. The 'public vs. private transport' policies would influence indirectly via the growth and pattern of road transport, as any discouragement to private transport may adversely affect the demand for automobiles. 9 See e.g. Pradhan and Singh (2009) . 10 The ACMA guesstimate for its member-firms is 80% (ACMA, 2013b, p. 12) . For the entire industry including small firms, the ratio is likely to be lower (Singh 2010b). seems to be rising. Many foreign 2013a, p. 81; 2013b, pp. 11-12, 14-15 In India the two/ three-wheeler vehicle segments are quite big (see Table 4 segment has been high, while the respective exports growth rate has been even higher (Table 4 ).
These growth rates for passenger cars and commercial vehicles together are 14.50% and 17.30%, while 13.09% and 27.01% for two/ three-wheelers segments overall.
− over 30 IPO offices (ACMA 2013b, p. 13) .
12 During this period the overall vehicle export intensity (ratio to production volume) has gone up from 7.43% to 14.29%
-for 4-wheelers from 12.56% to 14.87%, and for 2/3-wheelers notably from 6.27% to 14.15%.
At present, vehicle exports from India are mainly to developing/ emerging nations. In recent years India's rapid average growth rate of cars and commercial vehicles production, though not as spectacular as China's, has considerably improved its global share of output of these vehicles: from 1.45% in 1999 to 4.93% in 2012, moving up from 15 th to 6 th world rank (OICA data; see Table 2 ). There is a faster trajectory for cars production alone, by advancing from 1.34% to 5.21% global share, and from 16 th to 6 th rank over the same period. 12 However, the financial year 2012-13 has been marked by overall near-stagnancy, with production growth of 1.20% for all vehicles and the exports having negative growth (-1.34% 
Quality Management Standards in the Indian Automotive Sector
In India subsequent to the 1991 liberalization, auto component producers have increasingly realized the importance of quality (Balakrishnan et al. 2007) , probably keeping it the foremost in the priority list (Singh 2007) . The major factors motivating them to lay emphasis on quality improvement − also through an advanced QMS Standard certification − include:
• high growth rates of the automotive sector (both vehicle and component segments) domestic sales and exports, along with the optimistic forecasts; • increasing quality-consciousness among the domestic vehicle buyers;
• a majority of auto component exports from India having developed country destinations;
• a high ratio of Indian auto component exports being sold to OEMs or Tier-1 firms.
The data presented earlier in Table 1 Source: ACMA (2013a, p. 83; 2013b, p. 20) .
Note:
a The information here is limited to the industry association ACMA members. Company Ltd − part of a large automotive Group in India, TVS Group − producing twowheelers and three-wheelers, having ISO/TS-16949 certification for all three manufacturing plants in India; it has also a plant in Karawang, Indonesia.
As for the India-based vehicle MNEs producing cars, trucks and buses, there is a high incidence of ISO/TS-16949 QMS among them (SIAM 2012; company websites and other internet sources).
According to Tata suggestions for urgent government intervention. All these policy initiatives are likely to influence the quality management practices and (formal) systems adopted by producers.
Conclusions and Policy Suggestions
The above analysis points to a rapid worldwide spread of the ISO/TS-16949 quality management Standard (also ISO-9000), and, of course, in terms of total automotive production as well.
There are all-industry government schemes in India to promote ISO-9001 and ISO-14001 under which the QMS Standard certification expenses are reimbursed up to a specified small limit. An provide the preparatory guidance and financial assistance for the same. To start with, the focus can be on Tier-2 producers, especially exporters.
